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lines 6 to 12 in right lower column on page -191- 
5 2. Claims 

(1) A high strength and high conductivity copper alloy for 
semiconductor device lead material or conductive spring 
material, comprising 0.4-4.0 wt% of Ni, 0.1-1.0 wt% of Si, 
and the balance Gu with inevitable impurities in which S 
10 content among the impurities is 0.0015 wt% or less. 

Conc i se exp l anation with resp e ct to .tp-a-63-i 3073 9 

JP-A-63-130739 describes a Cu-Ni-Si-series alloy 
relatively high in mechanical strength for use as the 
15 contact point material. However, the Cu-Ni-Si-series 

alloy cannot serve as substitutes for the beryllium-copper 
alloy because mechanical strength and stress relaxation of 
the Cu-Ni-Si-series alloy is inferior to the beryllium- 
copper alloy. 

20 

lines 1 to 6 in column 1 on page (2) 

[Claims] 

[Claim 1] A copper alloy for conductive spring, comprising 
25 0.5-4.0 % (means wt%, hereinafter the same) of Ni, 0.1- 



1.0 % of Si, 0.01 to 0.1 % of Mg, 0.0015 % or less of S, 
0.0015 % or less of O, and the balance Cu. 

Conc i se explanation with res p ect to jp-A-5-^94fi ft 

JP-A-5-59468 described a copper alloy for use as the 
contact point material in which stress relaxation of the 
Cu-Ni-Si-series alloy described, for example, in the above 
JP-A-63-130739, is improved, by adding Mg. However, in 
the copper alloy, the same level of stress relaxation as 
the beryllium-copper alloy cannot be obtained by merely 
adding Mg. 

from line 1 in column 1, to line 40 in column 2, on page 
(2) 

[Claims] 

[Claim 1] a high strength copper alloy excellent in 
stamping workability and suitable for silver plating, 
comprising 0.4-4.0 wt% of Ni, 0.05-1.0 wt% of Si, 0.001- 
5.0 wt% of Sn, 0.1-5.0 wt% of Zn, 0.005-1.0 wt% of Mg, 
0.0003-0.005 wt% of S, 0.0003-0.01 wt% of C and the 
balance Cu with inevitable impurities, wherein respective 
contents of Mg and S simultaneously satisfy the following 
inequalities (1) and (2): 

0.5[Mg] + [S] a 0.005 ( 1 ) 



0.25[Mg] * [S] (2) 

([Mg] means wt% of Mg and [SJ means wt% of S, hereinafter 
the same. ) 

[Claim 2] A high strength copper alloy excellent in 
stamping workability and suitable for silver plating, 
comprising 0.4-4.0 wt% of Ni, 0.05-1.0 wt% of Si, 0.001- 
5.0 wt% of Sn, 0.1-5.0 wt% of Zn, 0.005-1.0 wt% of Mg, 
0.0003-0.005 wt% of S, 0.0003-0.01 wt% of C and the 
balance Cu with inevitable impurities, wherein respective 
contents of Mg and S simultaneously satisfy the following 
inequalities (1) and (2): 

0.5[Mg] + [S] S 0.005 (1) 

0.25[Mg) 2= [S] (2) 

,and the alloy has an average crystal particle size in the 
direction of plate thickness of 20 jun or less. 
[Claim 3] A high strength copper alloy excellent in 
stamping workability and suitable for silver plating, 
comprising 0.4-4.0 wt% of Ni, 0.05-1.0 wt% of Si, 0.001- 
5.0 wt% of Sn, 0.1-5.0 wt% of Zn, 0.005-1.0 wt% of Mg, 
0.0003-0. 005 wt% of S, 0.0003-0.01 wt% of C, and 0.001-1.0 
wt% in total amount of one kind, or two kinds or more of 
Be, B, Al, P, Ti, V, Cr, Mn, Fe, Co, Pb, Ca, Zr, Nb, Mo, 
Ag, In, Sb, Hf, and Ta as side component ( s ) , and the 
balance Cu with inevitable impurities, wherein respective 
Mg and S simultaneously satisfy the following inequalities 



(1) and (2): 

0.5[Mg] + [S] £ 0.005 (1) 

0.25[Mg] s [S]. (2) 

[Claim 4] A high strength copper alloy excellent in 
stamping workability and suitable for silver plating, 
comprising 0.4-4.0 wt% of Ni, 0.05-1.0 wt% of Si, 0.001- 
5.0 wt% of Sn, 0.1-5.0 wt% of Zn, 0.005-1.0 wt% of Mg, 
0.0003-0.005 wt% of S, 0.0003-0.01 wt% of C, and 0.001-1.0 
wt% in total amount of one kind, or two kinds or more of 
Be, B, AL, P, Ti, V, Cr, Mn, Fe, Co, Pb, Ca, Zr, Nb, Mo, 
Ag, In, Sb, Hf, and Ta as side component ( s ) , and the 
balance Cu with inevitable impurities, wherein respective 
Mg and S simultaneously satisfy the following inequalities 
(1) and (2): 

0.5[Mg] + [S] £ 0.005 (1) 

0.25[Mg] * [S] (2) 

,and the alloy has an average crystal particle size in the 
direction of plate thickness of 20 nm or less. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention belongs] The 
present invention relates to a high strength copper alloy 
excellent in stamping workability and silver plating 
suitableness, which is used in electric/electronic parts 
such as a semiconductor lead frame, a terminal, a 



connector, a relay and a switch. 
[0002] 

[Prior Art] Cu-Ni-Si-series copper alloys have both 
strength and electrical conductivity and hence are widely 
used in electric/electronic parts such as a semiconductor 
lead frame, a terminal and a connector. In recent years, 
associated with miniaturization, light-weight and high 
integration of electric/electronic parts,, contraction in 
lead distance of a lead frame or contraction of inter- 
electrode pitch of a connector is being attempted. This 
results in an increasing demand not only for attaining 
high strength and high electrical conductivity but also 
for a material excellent in stamping workability (reduced 
burrs and sagging after the stamping working) and causing 
no wear of a stamping die (see, for example, JP-A-2-66130 ) . 
In addition, these electric/electronic parts are sometimes 
subjected to silver plating and in accordance with 
increasing demand for improved reliability, silver plating 
suitableness has become increasingly valued than 
conventionally (see, for example/ JP-A-63-130739 , 5-59468, 
and 8-319528) . 
[0003] 

[Problems that the Invention is to Solve] In Cu-Ni-Si- 
series copper alloys for electric/electronic parts, Mg is 
used as an additive element for preventing the electrical 



conductivity from decreasing and for increasing the 
strength. Then, Mg, as described in JP-A-2-66130 , has a 
great effect on stamping workability and reduction in the 
wear of a stamping die, however, it is known that Mg is 
deteriorated silver plating suitableness (generation of 
protrusions of silver plating) even in a very small 
quantity. An object of the present invention is to 
provide a high strength, Mg-containing Cu-Ni-Si-series 
copper alloy, reconciling both the stamping workability 
and silver plating suitableness with each other that have 
been hitherto considered mutually contradictory, 
lines 23 to 30 in column 4 on page (3) 

[0014] (C) The present inventors have found that C has the 
effect of improving the stamping workability of Mg- 
containing Cu-Ni-Si-series copper alloy. However, if c 
content is less than 0.0003 wt%, the above effect is small, 
while if C content is over 0.01 wt%, the above effect is 
saturated and the hot workability of the alloy is 
deteriorated. Therefore, the content of C is set to 
0.0003 to 0.01 wt% and preferably 0.001 to 0.01 wt%. 
from line 41 in column 4 on page (3), to line 3 in column 
5 on page (4) 

[0016] (Crystal particle size) The present inventors have 
found that in Mg-containing Cu-Ni-Si-series copper alloy, 
in particular crystal particle size in the direction of 



plate thickness is involved in its stamping workability. 
If the average crystal particle size in the direction of 
plate thickness of the alloy in the state of a final plate 
product is 20 \im or less, the stamping workability can be 
improved. Desirably, the average crystal particle size of 
the alloy is 15 or less. Even if the crystal particle 
size is over 20 in the stage of recrystallization, it 
is included within the above range when the crystal 
particles become flat during subsequent cold working to 
give an average crystal particle size in the direction of 
plate thickness of 20 ^un or less. Further, in the case of 
a so-called a fiber tissue, which is observed in a 
material subjected to cold working of 90% or more in total 
after the recrystallization, crystal particles are 
difficult to observe. However, such a fiber tissue is 
also encompassed by the present invention. 

Concise explanation with respect to jp-a-ii-43731 

JP-A-1 1-43731 describes a high strength copper alloy 
excellent in stamping workability and silver-plate 
adhesion property. However, the copper alloy in JP-A-1 1- 
43731 is applicable only in the use in which stamping 
workability and silver-plate adhesion property are 
required. Such an applicable use is different between JP- 
A-ll-43731 and the present invention. 



Further, the copper alloy in JP-A-11-4373 1 differs 
from the copper alloy of the present invention. That is, 
in the copper alloy of JP-A-1 1-43731 , 0.0003-0.01 wt% of C 
is essential, but C is not an essential element in the 
5 alloy of the present invention. In JP-A-1 1-43731 , the 
reason why C of the specific amount is essential is 
described . 

Still further, the copper, alloy in JP-A-11-43731 is 
limited to have a specific average crystal particle size 

10 in the direction of sheet thickness of 20 ^m or less. 
This definition in JP-A-11-43 731 differs from the 
definition of the crystal grain diameter in the alloy of 
the present invention. 

In sum, the alloy of the present invention differs 

15 from that in JP-A-11-43731, in the points of the use, the 
constitution (alloy composition), and the definition of 
alloy's grain size. 



8 



Searching PAJ 



i/ 



PATENT ABSTRACTS OF JAPAN 



(1 DPublication number : 63-130739 
(43)Date of publication of application : 02.06.1988 



r 

(51)IntCI. 


C22C 9/06 
H01B 1/02 
H01L 23/48 




(21 Application number : 61-275152 


(71)Applicant : 


: NIPPON MINING CO LTD 


(22)Date of filing : 20.11.1986 


(72)Inventor : 


SO HIDEHIKO 


i ■ — tt^t: 




KAWAHARA TETSUO 



(54) HIGH STRENGTH AND HIGH CONDUCTIVITY COPPER ALLOY FOR SEMICONDUCTOR DEVICE LEAD 
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(57)Abstract 

PURPOSE: To improve bendability, solderability, plating suitability, and etching characteristic by limiting S content 
among the impurities of a Cu-Ni-Si alloy with a specific composition to a specific value or below. 
CONSTITUTION: This titled copper alloy has a composition which consists of. by weight 0.4W4.0% Ni, 0,1W1.0% SI 
and the balance Cu with inevitable impurities and in which S content among the above impurities is regulated to < 
0.0015%. Further, as auxiliaries, 0.001 W3.0% of one or more elements among Zn. P, Sn. As, Cr. Mg, Mn, Sb, Fe. Co, 
Al, Ti, Zr, Be, Ag, Pb, B, and lanthanide elements and/or <0.0020% O may be incorporated in the above copper alloy. 
In this copper alloy, S is extremely easy to combine with Si and, when its content exceeds the upper limit, a large 
number of sulfides are formed and, moreover, O also combines with Si and, when its content exceeds the upper 
limit, a large number of inclusions are formed, so that bendability, solderability, plating suitability, and etching 
characteristic are remarkably deteriorated in both the above cases. 
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